Objective: It is unknown whether 4-aminopyridine-(4-AP-) sensitive transient outward K current (I ) and / or Ca -activated Gibbons firstly identified a 4-AP-resistant component in and Hoffman [7] . I and I play important roles in the 
Gibbons firstly identified a 4-AP-resistant component in and Hoffman [7] . I and I play important roles in the to1 to2
phase 1 repolarization of cardiac action potential (AP) [8] [9] [10] . including rat [13] , ferret [14] , and humans [9] . Earlier and HEPES 5; pH adjusted to 7.4 with NaOH. elephant seal atrial fibers [16] . However, neither I nor 10, glucose 10, K-glutamate 70, taurine 20, EGTA 0.5,
to1
I was present in guinea pig ventricular myocytes [17] . mannitol 20, albumin 0.1%; pH adjusted to 7.2 with KOH.
to2
Pig is a species commonly used for the study of The pipette solution contained (mmol / l): KCl 20, Kcardiovascular diseases [18] . However, cellular elecaspartate 110, MgCl 1.0, HEPES 10, EGTA 0.05, GTP 2 trophysiology of the pig heart has not been well docu-0.1, Na -phosphocreatine 5.0, Mg -ATP 5.0; pH adjusted 2 2 1 mented. Although a recent report described a significant to 7.2 with KOH. K in the pipette and bath solution was 1 1 phase 1 repolarization of ventricular APs in pig heart [19] , replaced by equimolar Cs when K -free conditions were ionic mechanisms are unknown. The present study was used (specified). For determination of I (or I ), BaCl
Cl.Ca to2 2 1 designed to study ionic contribution to the phase 1 (0.5 mmol / l) was added or external K was omitted to reference electrode. After a giga-seal was obtained, the cell publication no 85-23) were anesthetized with phentobarbimembrane was ruptured by gentle suction to establish the tal (IV, 30 mg / kg). The heart was initially placed in whole-cell configuration. Liquid junction potentials after oxygenated Tyrode solution, the left anterior descending membrane rupture between the external and pipette solucoronary artery was cannulated. Ventricular cells were tions (10.460.3 mV) were not corrected except for the enzymatically isolated with a procedure described previrecording of AP. Data were acquired by the use of an ously [20] . Briefly, a free wall of the left anterior ventricle EPC-9 amplifier (Heka Elektronik, Germany). Command (|30350 mm) was removed along with the coronary artery pulses were generated by a digital-to-analog converter branch irrigating it. The free wall was perfused with controlled by Pulse software (Heka Elektronik). Membrane 21 oxygenated, nominally Ca -free Tyrode solution for 20-capacity and series resistance was electronically compen-30 min, and the solution was then changed to one sated by the software. Recordings were stored on the hard containing 200-300 U / ml collagenase (CLS II, Worthdisk of an IBM compatible computer. ington Biochemical, Freehold, NJ) for 90-150 min. Ventricular cells were separated from the softened tissue. The rat ventricular myocytes were prepared with a Langendorff 2 .4. Western immunoblotting analysis method as previously described [21] . All the cells were 1 placed in a high-K storage solution (see Solutions) and Membrane fractions were isolated from dissociated gently triturated with a Pasteur pipette. The isolated cells single rat and pig ventricular myocytes using standard were kept in the medium at least 1 h (at room temperature) laboratory procedure. The Kv channel protein was debefore use.
termined by Western immunoblotting analysis. Briefly, 40 A small aliquot of the solution containing the isolated mg of total membrane proteins from the pig and rat cells was placed in an open perfusion chamber (1 ml) cardiomyocytes were separated by electrophoresis on an mounted on the stage of an inverted microscope. Cells 8% SDS polyacrylamide gel. Proteins in the gel were then were allowed to adhere to the bottom of the dish for 5 to transferred to a nitrocellulose membrane, which was 10 min, and were then superfused at 2 to 3 ml / min with subsequently incubated with anti-Kv4.2 or anti-Kv4. were used to perform curve-fitting procedures. Paired and observed (Fig. 1C) . However, the I was decreased by the to 21 unpaired Student's t tests were used as appropriate to application of 10 mmol / l ryanodine to inhibit Ca release evaluate the statistical significance of differences between from sarcoplasmic reticulum (SR) (Fig. 1E) , and two group means, and analysis of variance (ANOVA) was ryanodine-sensitive I was significant (Fig. 1F) was applied in the bath solution. Fig. 2A were obtained in a total of 10 cells. presence of Cd indicated a non-specific cation or Cl substitution (Fig. 3B ). 2.960.7 pA / pF at 0, 120, and 140 mV, respectively (P,0.01 among potentials). I is sensitive to the anion channel blocker DIDS [22] . 
.4. Temperature-dependence of I to2
It is well known that temperature may significantly affect the amplitude and kinetics of membrane currents [9, 23] . Temperature-dependence of I was therefore The previous study from Stamkovicova et al. [19] demonstrated that ventricular APs of pig hearts showed a I and the phase 1 of AP show a significant regionto1 significant fast repolarization phase (phase 1). To study the dependent distribution in myocytes from dog and human contribution of I to the phase 1 repolarization of pig cardiac ventricles [8, 9] . To study if I and the phase 1 of to2 to2
ventricular APs, we recorded APs in current clamp mode. AP are region-dependent in pig cardiac ventricle, epicar- Fig. 5 illustrates transmembrane APs recorded at 1 Hz in dial, midmyocardial, and endocardial myocytes were dissocells from pig left ventricular epicardium under conditions ciated from pig ventricular free wall with a procedure as of normal Tyrode solution at 36 8C, showing a significant previously described [9] . Voltage-dependent I was reto2 phase 1 and 'spike and dome' configuration in 3 different corded at 36 8C with the protocol as in Fig. 4 , while APs cells (left panels of Fig. 5A , 5B, and 5C). that the phase 1 and 'spike and dome' were not affected by I-V relationship, and no significant regional difference was the application of 3 mmol / l 4-AP (right panel), which observed in the current density (Fig. 6A) . At 140 mV, I to2 dial cells. Representative recordings are shown in Fig. 6B . Similar results were obtained in 6 to 8 cells in each group. was 4.160.6, 3.960.8, and 3.460.6 pA / pF in epicardial (n512) midmyocardial (n510), and endocardial (n511) 3 .
Western immunoblotting analysis of Kv4.2 and cells (P5NS).
Kv4.3 The three regional myocytes showed similar AP morphology with a prominent phase 1. Most of the cells had It is believed that I is molecularly ensemble to cloned to1 significant 'spike and dome'. The phase 1 and / or 'spike Kv4.2 and Kv4.3 channels [24] . To further study whether and dome' of APs were insensitive to 3 mmol / l 4-AP (data I is expressed in pig ventricular myocytes, we de- Kv4.2 and Kv4.3 in the rat heart. In contrast, these K channel proteins were either minimal or undetectable by the antibody against Kv4.2 or Kv4.3 in the pig heart. The simultaneously determined I , and Kv4.2 and Kv4.3 in rat result is consistent with electrophysiological measurement, ( Fig. 7A) . However, significant 4-AP sensitive I was In the present study we have found a significant I in Ca release from SR, inhibited by DIDS or Cl replacetemperature alteration (Fig. 4) etc. [18] . In addition, the pig heart is being studied for xenotransplantation [25] . However, studies on cardiac I and I play important roles in the phase 1 repolarito1 to2
electrophysiology were limited to AP recording in isolated zation of the cardiac APs [8] [9] [10] . However, the distribuhearts [26] or papillary muscles [27] , and to study changes tion of I and I is species-dependent. The species with 21 to1 to2
in APs and Ca current during transition to heart failure expression of both I and I in their cardiac myocytes to1 to2
in isolated cells [28] . [19] . Stankovicova ferret [14] , and humans [9] . I is demonstrated in calf to2 and colleagues [19] characterized in detail AP properties in Purkinje fibers [15] and elephant seal atrial fibers [16] . The isolated ventricular myocytes of pig heart, and demonpresent observation has demonstrated that I is lack of to1 strated that M cells are present in pig ventricles. Also, the expression, and only I is present in pig ventricular to2 data from this group revealed that significant phase 1 myocytes. repolarization of APs correlated significantly with the J I plays an important role in phase 1 repolarization of to1 wave of ECG, while the M cells with longest AP duration cardiac cells in species including humans [9] . However, in are related to 'U' wave formation of ECG in this species cardiac myocytes with both I and I , the contribution to1 to2 [19] . is responsible for the formation of J wave of ECG [13] . pig sino-atrial cells [30] . In the present study, we have affected the shape of the AP [12] . It is believed that I to1 ventricular cells. The I contributes importantly to the to2 shapes cardiac AP morphology and duration [10, 12] cardiac cells [4, 5] . The present observation has demonmyocytes, and so no significant phase 1 repolarization of strated that pig ventricular I is insensitive to 4-AP ( Fig.   to2 cardiac AP is observed in this species [17] . The present observation focused on determining I to1 linear at 36 8C, similar to the observation in rabbit venand / or I to study the ionic mechanisms of the phase 1 to2 tricular cells [31] . The present study showed that the Q repolarization of pig ventricular APs. The transient out- 
